With the aim to improve the blast furnace process, coating of blast furnace pellets was investigated in laboratory scale as well as in the LKAB experimental blast furnace. Olivine, dolomite and quartzite respectively were applied as coating agents onto the regular LKAB olivine pellet MPBO. Testing of the coated pellets revealed the following: i) Dust generation was significantly decreased when using coated pellets in the blast furnace, ii) Sticking was prevented by the coating material. This was verified in different laboratory tests, as well as by studying probe samples from the blast furnace, and iii) Gas utilisation was higher for all coated pellets, with a lower variation, indicating a smoother blast furnace operation. Coating of pellets is considered as a significant improvement in optimising the blast furnace operation.
Introduction
The LKAB experimental blast furnace 1, 2) has been run in nine campaigns since it was built in 1997. Seven of the campaigns were ended by a quenching of the furnace, followed by an excavation. While dissecting the furnace a sticking, or clustering, phenomenon of pellets was observed. The ferrous burden was found to start sticking together in the middle and lower part of the shaft, before the material entered the cohesive zone. In the middle shaft the pellet aggregates formed could be separated by hand, but lower in the furnace the sticking was more pronounced.
If clustering of the particles in a pellet bed is pronounced, the smooth descending movement of the ferrous burden in the blast furnace can be disturbed. In the worst case the burden descent can be held up, resulting in hanging, followed by a slip when the burden suddenly again moves downwards. Another consequence of clustering in the pellet layers is the forming of gas channels. Gas channels represent short cuts for the reducing gas through the ferrous burden, resulting in bad utilisation of the gas and thereby the fuel rate increases. By using coated pellets, i.e. covering the pellet surface with a thin layer of non-sticking material, it should be possible to decrease the clustering tendency, at least above the cohesive zone of the blast furnace. In addition, several other advantages can also be expected. Adding fluxes as coating materials, i.e. well distributed on the surface of the pellets, will result in a more homogeneous slag formation, compared with the top charged lumpy slag formers, which can result in locally very basic (or acid) conditions. Thus, a more uniform cohesive zone formation can be expected, which possibly increases the permeability of the fused cohesive layers. Another improvement of process stability can be achieved by an improved alkali removal from the furnace. By coating pellets with a suitable slag former additive, especially acid coating material, possibly more alkali can be retained in the slag phase due to an increased alkali pick up by the coating material. A higher output of alkali in the blast furnace slag will reduce the circulating load of alkali in the furnace, leading to less alkali-induced degradation of pellets as well as coke, less scaffolding etc. An improved alkali removal in the slag phase can also be utilised to increase the slag basicity, thereby increasing the sulphur capacity of the slag.
The technique of coating of the direct reduction (DR) iron ore pellets is well known since a few years, and it has been widely used in the DR process to reduce the clustering of direct reduced iron, DRI, in DR shaft furnaces. 3) In the DR processes the product is freshly reduced iron in a solid state. It is, therefore, crucial for the material flow in the reducing module that the solid product does not form aggregates, blocking the material flow within and out of the reactor. In the blast furnace process, on the other hand, the reduced iron is melted in the lower part of the furnace and comes out in liquid form. Therefore, until now clustering and sticking of iron bearing materials have not been considered as a problem. However, as the blast furnace process continuously improves and the fuel rates are minimised, the need for stability of the operation in the blast furnace process has increased. One essential way of improving the process stability is to improve the flows of solids and gases through the blast furnace shaft, resulting in an improved and more uniform gas-solid contact.
The possible effects of using coated pellets in the blast furnace are schematically depicted in Fig. 1 . Applications for a patent concerning the use of coated pellets in a blast furnace have been filed.
Theory of Coating
The mechanism of sticking during reduction of iron oxides is mainly due to the freshly reduced iron on the pellet surfaces sintering together with the neighbouring pellets at the contact points. One way of preventing the sintering between pellets is therefore to keep the iron surfaces of individual pellets apart. In order to prevent sticking of pellets a coating material, basically inactive under the reducing conditions prevailing in the shaft part of the blast furnace, should be applied to cover the outer layer of the pellets.
(1) Choice of Coating Materials A variety of materials can be chosen as coating agents for blast furnace pellets. The amount applied to the pellets is small, but still very effective in preventing sticking. The coating material has to meet the following demands:
• Chemically and physically inactive (more or less) in the shaft of the furnace where sticking prevention is desired • Strong adhesive force • Consist of fine particles with a certain particle size distribution • Low amount of unwanted impurities • Available locally at a low price
In the production of coated DR pellets, coating is performed already at the pellet plant (sometimes also at the customer site)-normally using pellet slag former additives mixed with a pellet binder as the coating agent. A similar solution for coating of blast furnace pellets seems very likely.
(2) Binders A part of the coating mixture should be a binder material, such as a clay, or cement type of materials, which can harden onto the particles holding the coating mixture in place on the surface.
(3) Amount of Coating Agent
The best case of coating is of course if a thin coating layer covers the entire pellet surface. However, one of two surfaces in contact covered with coating might be enough. For DR pellets, the LKAB industrial experience is that an amount of 2 to 2.5 kg/t pellets is sufficient to prevent sticking.
Experimental Procedures and Results

Coating of Pellets
Coating of pellets was performed on the production site in Malmberget. The experimental tests of coated pellets were conducted in laboratory scale at the LKAB metallurgical lab in Malmberget and in pilot plant scale in the LKAB experimental blast furnace in Luleå.
The coated pellets were made by coating regular MPBO (LKAB olivine pellets) with different types of coating materials. The chemical analyses of the pellets are shown in Table 1 . MPBO-2 and MPBO-3 are basically the same type of pellets, both are olivine pellets with addition of olivine and a small amount of limestone, and in the MPBO-3 pellet also a small amount of silica is added. The MPBO-3 pellet was used as the base pellet for the coating experiments, while both uncoated MPBO-2 and MPBO-3 were used as reference materials in the experimental blast furnace.
Coating Materials
Three types of coating materials were used in this investigation; olivine, quartzite and dolomite. All of them were mixed with 9 % of bentonite as a binding phase. Chemical analyses of the coating materials were also shown in Table  1 . All materials used were similar in size, with most part Ͻ45 mm (65-70 %) and only small amounts Ͼ0.125 mm (1-6 %), which should result in similar kinetic conditions.
Coating Technique
The coating method used is schematically depicted in 
Fig. 2.
During the coating procedure, pellets were removed from the pellet bin on a conveyor belt. At the transfer point to a second conveyor belt, pre-mixed coating slurry was sprayed through two nozzles onto the stream of pellets. The coating slurry constituted the coating agent mixed with bentonite as described above, and water added to arrive at a solid content of 25 %. The flows of coating slurry and pellets were adjusted to apply an amount of 4 kg of solid coating materials per ton of pellet product. This amount, which is roughly twice the amount used on LKAB DR pellets, was chosen to assure the effect of the coating addition. For DR pellets there is a strong desire to decrease the coating additions to a low level, since even small amounts of acid oxides from the coating are very disadvantageous in the DRI used in steelmaking. For the blast furnace process, on the other hand, this is not a necessary requirement, but rather the opposite. Presently most LKAB customers would welcome an increased slag former addition to the pellets.
3.1.3. Investigation of the Coating Layer under Microscope The coating layers were investigated by scanning electron microscope (SEM). In Fig. 3 an example of the outer part of the olivine coated pellets is shown. The sample was collected prior to charging into the experimental blast furnace, i.e. after long time outside storing, handling, transport (250 km by truck) and on-size screening. The coating layer thickness observed, shown in Fig. 3 , is in the range from zero up to 0.1 mm. As expected, there were also some areas of the pellet surfaces examined not covered by coating at all, as shown by the right particle in Fig. 3. 
Laboratory Testing of Coated Pellets
Chemical Analyses
Chemical analyses of the base pellets and the coated pellets are given in Table 2 , where analyses of the pellets sampled at the blast furnace site are also given. As can be seen from the data the amount of coating materials could be accurately controlled, and the coating materials were found to well stay on the pellet surfaces even after storage, transport, handling and screening (undersize Ͻ6 mm screened off before charging to the blast furnace).
Sticking Tests
To investigate the sticking behaviour of the coated pellets, different types of reduction/sticking tests were carried out, of which three are presented here The HYL Standard test, 3) is normally performed on all DR pellet deliveries. The result of the test is a sticking index value describing the tendency for sticking, SI from 0 (no agglomerated particles after reduction and load treatment, before commencing a 1.0 m drop test) to 100 (all particles agglomerated even after 20 drops). There is a common recommendation to use only materials with a sticking index below 30 in direct reduction processes, which has been generally adopted at DR plants as the upper limit. For LKAB DR pellets the sticking index is normally in the range of 15 to 25 (presently all pellet deliveries are coated pellets), whereas uncoated pellets have been found to experience values of 75 to 95.
b. BFS (Blast Furnace Sticking) Test
Since the HYL Standard test is well-known and has been widely accepted as a testing method for DR pellets, it constituted the basis for the development of a modified test for the coated blast furnace pellets. Except for the gas composition all test conditions of the HYL Standard test were used in the modified test, BFS (Blast Furnace Sticking) test, since the conditions in a DR shaft furnace can be considered similar to the shaft part of the blast furnace, with the exception of gas composition. The hydrogen-based gas mixture in the HYL Standard test (55% H 2 , 21 % CO, 14 % CO 2 and 10 % N 2 ) was changed to a carbon monoxide/nitrogen based gas mixture (2% H 2 , 40 % CO and 58 % N 2 ) in the BFS test. The results of the sticking tests are given in . SEM image of surface layer of olivine coated pellet. On left particle the coating layer (dark grey) is from zero up to 0.1 mm in thickness, the right particle surface not covered by coating. Scale mark is 600 mm. 4) which is commonly used for testing reduction behaviour of blast furnace materials, could also be used for sticking tests, the ISO 7992 test was appended with a drop test for measuring sticking after reduction. The main differences from the BFS test described above were 100°C higher testing temperature, less load, and the application of the load during the reduction instead of after. The results of this test are shown in Table 4 . As can be seen in the table, the 100°C higher temperature of this test, although with lower load applied, cause a significantly increased sticking of all materials.
Influence of Temperature on the Sticking Behaviour
In the modified ISO 7992 test, the use of a load applied during reduction, instead of after, can be considered to better imitate the conditions in the blast furnace shaft. However, the temperature seems a little too high, as the sticking behaviour in the shaft part of the blast furnace, where most part is so-called heat reserve zone, normally at 950 to 1 000°C, is mainly concerned. Therefore, this test was conducted at three different levels of temperature, 1 050, 1 000 and 950°C. Results of the tests at the lower temperatures are also given in Table 4 , and a graphical description of the change in sticking index numbers at different temperatures is given in Fig. 4 . As can be seen in the figure, the influence of reduction temperature on the sticking behaviour is distinct in the temperature range from 950 to 1 050°C, both for uncoated and coated pellets. The ranking of the coating materials is in line with the findings of the previous tests, i.e. olivine and dolomite are the best materials to prevent sticking, while quartzite is less effective. At 950°C all the coated pellets have SI values lower than 8, while the uncoated has a value of 22. At 1 000°C the values are in the range of 17 to 40 for coated pellets, compared to 71 for uncoated pellets. Finally, at 1 050°C both the uncoated and the quartzite coated pellets became severely sintered (95 in sticking index), while a sticking preventing effect was still achieved by the olivine and dolomite coatings, resulting in SI values of 47 and 35 respectively.
Experimental Blast Furnace Trials with Coated
Pellets Blast furnace testing of the coated pellets was conducted in the LKAB 1.2 m hearth diameter experimental blast furnace, of which a cross-section is shown in Fig. 5 . Most of the operating parameters of the blast furnace, shown in Table 5 , were chosen to resemble the operation of the SSAB Tunnplåt No. 3 blast furnace in Luleå, and were virtually unchanged during testing. The intention was to keep the operating parameters on the same levels during all peri- Table 3 . Results of sticking tests of uncoated and coated pellet samples (*ϭaverage of two tests). Table 4 . Sticking indexes of uncoated and coated pellets, after reduction-under-load tests at different temperatures (*ϭaverage of two tests). Table 6 shows the moisture contents of the pellets and the amounts of lumpy slag formers charged to the blast furnace for each of the trial periods. The MPBO-2 pellets were taken from a pellet storage bin and were thus dry (less than 0.1 % moisture), while the MPBO-3 pellets were taken from an outside storage and, therefore, had picked up some moisture during storage and transportation, to a level of 2.2 %. The amount of moisture added to the pellets during the coating procedure corresponded to about 1.5 %, indicating that some snowfall during the coating procedure and outside storing (though covered from rain and snow), made the pellets pick up another 0.6 to 0.8 % of moisture before charging to the furnace.
As can also be seen from Table 6 , the amount of limestone charged in the burden was kept at an almost constant level in all periods. In order to keep the target slag basicity (CaO/SiO 2 ϭ0.9) the amount of basic BOF-slag addition was adjusted to compensate for the different chemistry of the different coating materials used, except for the quartzite coating period, in which the lumpy quartzite added from the top was decreased.
Process Responses of the Blast Furnace
Average values and standard deviations of some main process parameters of the blast furnace are shown in Table  7 . The gas utilisation, h CO , is at the highest levels, also with the lowest standard deviation, when using coated pellets. The Burden Resistance Index (BRI) is a measure of the pressure drop over the burden column (pressure drop corrected for the gas flow through the bosh, and also known as the PV bosh, or permeability resistance measurement). Due Table 5 . Blast furnace operating parameters during the trials. Table 6 . Moisture contents of pellets and amounts of slag formers charged in experimental blast furnace trials. Table 7 . Some main process parameters in the experimental blast furnace trials.
to modifications of the blast distribution at a few occasions during the trial, resulting in a discontinuity in the pressure drop, the levels of BRI values are less comparable, but the short-time variations still have a high significance for making comparisons. The variations in the BRI were much lower for the periods using dolomite and quartzite coated pellets. The effect of the higher moisture content of coated pellets was reflected in the lower top gas temperatures, in comparison with the periods using dry pellets, as shown in Table 7 . Burden descent rate and its variation were similar with all types of pellets. The productivity was slightly higher for the period using dolomite coated pellets (yet with somewhat higher oxygen enrichment, as seen in Table 5 ), and also the fuel rate was lower, though not very significant. Minimising the fuel rate was not a primary goal of the trials, though, and the testing times were somewhat too short in this particular respect.
Flue Dust Generation
One of the main interesting things found during the test was a substantially decreased generation of blast furnace flue dust. Table 8 shows the amounts of flue dust collected, and its composition. The amounts of dry flue dust, removed by a dust catcher cyclone, were significantly lower for the three periods of using coated pellets than that for the periods using uncoated pellets. The finer part of the flue dust passes through the dust catcher cyclone and is collected by a subsequent wet electrostatic precipitator, in the form of sludge. Table 9 shows the composition of the blast furnace sludge from the different periods.
Blast furnace top gas flue dusts and sludges are normally partly generated inside the furnace, and partly originate from fines brought into the furnace by the burden (iron oxides, coke and, to some extent, also from slag former additives). The contribution of these different materials can be estimated by making mass balances of the different components of the dust and sludge. For instance, coke is the main source of carbon and iron oxide fines is the main source of iron. Other oxide components of the dust and sludge analyses can then be balanced by the contribution of the different slag former additives. In Table 8 also the estimated contributions of different sources to the flue dust were shown.
Examination of Probe Material
Probe samples were taken out of the blast furnace during operation. The lower shaft probe, i.e. the third probe from the top, shown in the left part of Fig. 5 , was used to take samples at a level of 3.4 m below stockline, where the temperature was measured to be 1 000 to 1 050°C. An SEM image of a sample of an olivine coated pellet, reduced to 70 % reduction degree, is shown in Fig. 6 . A layer of the coating material can be observed on the surface of the pellet. Inside the coating layer, the outer layer of the pellet is completely reduced to iron, whereas in the interior, not shown in the figure, there was still some amount of wüstite. Table 8 . Flue dust amounts, composition (mass%) and estimated origin. Table 9 . Chemical analyses (mass%) of the sludge, collected by a wet electrostatic precipitator, in the experimental blast furnace trials. This means that the coating materials remains on the pellet surfaces through the thermal reserve zone, where the sticking prevention is considered most important, and that the gaseous reduction takes place without significant obstruction. An inclined probe, shown in the right part of Fig. 5 , was used to collect samples from the cohesive zone in the lower part of the blast furnace. The temperature in this region was, from vertical temperature probings, estimated to be in the range of 1 200 to 1 300°C. Even at these high temperature levels, the sticking phenomenon had been successfully prevented by the use of coating of the pellets, as shown by the pellet samples in Figs. 7 to 10 . Inversely, the sticking observed is significantly worse for the uncoated pellets than for the coated ones. The sticking when using quartzite coated pellets is more pronounced than for olivine or dolomite coated pellets.
Discussion
Blast Furnace Flue Dust Generation
A significant decrease in blast furnace flue dust collected in the dry dust catcher cyclone was observed during the trials with coated pellets, shown in Table 8 , from 5.4 kg/tHM for the MPBO-2 and 4.4 kg/tHM for the MPBO-3 pellets down to below 3 kg/tHM for the coated pellets. Although the amount of flue dust collected by the cyclone is only part of the dust generated, it could still be considered as a good indicator of dust formation in the blast furnace. The mass balances based on chemical analyses of the flue dust showed that less pellet fines accounted for 0.8 to 1.0 kg/tHM of the decrease in flue dust amounts when using coated pellets compared to uncoated, or inversely expressed: pellet material as the flue dust leaving the furnace decreased by about two thirds. These observations were further confirmed by the fact that in the wet part of the flue dust, i.e. the sludge, the content of iron was also decreased when using coated pellets, as can be seen in Table 9 . The causes for the improvement in flue dust generation are believed to be 1) the binding phase of the coating, and 2) better gas distribution. The coating layer covering the surface of the pellets has a strong adhesive force, thus preventing dust formation of pellets. One of the evidences is the low content of coating material found in the dry dust, as well as in the sludge. The mass balances of the dry flue dust, showed that in the case of using olivine coated pellets, the coating itself contributed by less than 0.2 kg/tHM, compared to the 5 kg/tHM used for coating. Although it is not possible to distinguish whether the SiO 2 in the flue dust came from lumpy quartzite or from the quartzite coating during the period of using quartzite coated pellets, the quartzite coating material in the flue dust was believed to be below 0.2 kg/tHM, based on the data of the contribution of the lumpy quartzite to the flue dust in the other periods. In the sludge, there was no indication of significant amounts of the coating materials either, as shown in Table 9 . These observations clearly indicate that the coating layer can be kept quite well on the pellets, which was also verified by the examination of probe samples of olivine coated pellet from the lower shaft probe. The SEM image of one of the samples, as was shown in Fig. 6 , clearly shows that the coating layer is still present on the pellet surfaces, even after reduction of the outer layer to iron. It can, therefore, be assumed that the flue dust generation should be decreased when using coated pellets. For uncoated pellets, already clustered masses are probably declustered, as the burden descends in the furnace, which possibly generates significant amounts of dust. Contrary, for coated pellets, the sticking, and thereby also the dust generation inside the burden column, is prevented by the coating.
It should also be noted that the amounts of fine particles formed by coke fines as well as the lumpy slag formers charged were all lower for the periods with coated pellets and with the wet MPBO-3 pellet than for the period with dry MPBO-2 pellet. The cause is believed to be the combined effects of the two following factors:
(1) The improved gas flow in the shaft of the furnace when using coated pellets. Less clustering as well as less channelling certainly gave a more uniform gas flow with a lower gas velocity locally. Therefore, less fine particles were picked up by the gas.
(2) High moisture contents of the pellets used in all periods except for the MPBO-2 period. The higher moisture content of the coated pellets resulted in a lower top gas temperature, due to the energy demanded for vaporisation of the water. Assuming that the gas phase behaves ideally, the lowering of the top gas temperature by 10°C represents a decrease of 2 % of the top gas velocity (and 4 % for a 20°C decrease). The lowered top gas velocity possibly resulted in less fine particles blown out of the furnace.
Sticking Prevention
The results of sticking tests have clearly shown that the sticking phenomenon has been prevented significantly by the use of coating, as shown in Table 3 . Sticking indexes between 3 and 8 should be considered extremely good, compared to 15-25 for the DR coated pellets after several years of optimising the coating technique. The meaning of the two sticking values of 3 and 8 is that most of the pellets are non-sticking after the reduction even before the drop test, and the few remaining clustered pellets fall apart in the first two or three of the twenty possible drops. The reasons for the better results obtained with coated blast furnace pellets, compared to coated DR pellets, were probably partly due to the use of double the amount of coating material as that used for DR pellets, and partly because of the lower iron content, 66.6 % compared to 67.6-68.1 % Fe (or, on the contrary, the lower amount of slag former oxides in the DR pellets). In addition, the mechanism of metallic iron growth could also be different in the different reducing gases, in terms of H 2 based or CO based gases.
Influence of Reduction Time
Comparison of the HYL Standard sticking test results with those from the BFS test, shown in Table 3 , gives the following interesting conclusion. Despite two to three times longer reduction time in the blast furnace gas composition compared to DR gas composition, the resulting sticking index values were almost identical. These results indicate that the sticking index is probably independent of the reduction velocity.
Influence of Reduction Temperature
The increase in sticking index with increased reduction temperature from 950 to 1 050°C is significant for both coated and uncoated pellets, as shown in Table 4 and Fig. 4 . At the higher temperature, 1 050°C, there is no effect of the quartzite coating as compared to the uncoated pellets. However, since the heat reserve zone, which occupies most of the shaft of the blast furnace, is normally at 950 to 1 000°C, good sticking indexes for the coated pellets obtained at these two temperatures indicate that the formation of clusters in most part of the blast furnace shaft can be largely prevented.
Samples taken by an inclined probe penetrating the cohesive region of the blast furnace verified the sticking prevention effect of the coating. Even at very high temperatures, estimated above 1 200°C, the coating was still efficiently preventing sticking. As was shown in Figs. 7 to 10, the sintering between individual pellet particles was more pronounced for the uncoated pellets compared to the coated. The difference between the coating materials was also seen, especially at high temperatures, with more sintering of the quartzite coated pellets compared to the olivine and dolomite coated pellets, in full agreement with laboratory sticking test results at higher temperatures, Table 4 .
New Test Method Developed for Testing Sticking
of Blast Furnace Pellets The Blast Furnace Sticking test, BFS, developed in this study could become a very useful tool for testing the sticking tendency of blast furnace pellets. The fact that most of the test parameters are identical with those used in the HYL Standard sticking test is considered as an advantage, since this test has been regularly used and has been found to be decisive, repeatable and accurate. Also, the modification using a gas composition resembling blast furnace reducing gas can be easily implemented in the established sticking test procedure for DR pellets.
However, it should be pointed out that both the HYL Standard test and the BFS test are developed to simplify the respective processes and to be decisive for the sticking properties of iron oxides, and therefore the test parameters are not identical to the different processes but somewhat ex-aggerated, e.g. load programs and achieved degrees of reduction in the tests.
Therefore, from viewpoint of simulating the conditions in the blast furnace shaft, the modified ISO 7992 test is a better alternative as a sticking test for blast furnace pellets. The application of the load during reduction, instead of after, resembles the situation in the blast furnace better. In this case the choice of test temperature should be 950 or 1 000°C, as this is generally considered as the temperature range of the thermal reserve zone, occupying a major part of the blast furnace shaft, where prevention of sticking is the most important. Further investigations need to be conducted to decide whether to use the higher or the lower temperature, or even both. It could also be of interest to examine the influence of temperature on the sticking tendency for other types of pellets, before deciding what test temperature to use.
Gas Utilisation
The increase in gas utilisation when using coated pellets can be considered as a result of improved reduction conditions by the use of coated pellets, achieved by a smoother burden descent and less channelling in the blast furnace shaft, in turn caused by a decreased sticking in the pellet layers. It also indicates that the covering by a thin layer of coating material on the surface of the pellets does not seem to result in any negative effect on the reduction of the pellets in the furnace. The lowered variations in gas utilisation could also be taken as evidence of the improved gas-solid contact, with less channelling and smoother burden descent.
Conclusions
Based on the results of the investigation of the effects of coating of blast furnace pellets the following overall conclusions have been made:
(1) The amount of dry flue dust was decreased by 32 up to 50 % when using coated pellets in the blast furnace. The amount of pellet fines in the flue dust were only one third compared to the operation with uncoated pellets.
(2) Sticking was largely prevented by the use of coating of pellets. This was verified in different types of laboratory tests, as well as by studying probe samples taken from the experimental blast furnace.
(3) Gas utilisation was higher for all coated pellets, 47 to 48 % compared to 46.4 to 46.8 %. The variations in gas utilisation were lower when using coated pellets.
Additional, and more specific, conclusions from this work are:
Coating of Blast Furnace Pellets • The amount of coating applied to blast furnace pellets can be accurately controlled, within 0.05 wt% in the slag former oxides of the pellets.
• The coating was found to stay on the pellets well, even after storing, transport, handling and on-size screening. This was verified by chemical analyses as well as by microscopic studies.
• The layer thickness of the coating was determined to be in the range of a few micrometer up to tenths of a millimetre for 4 kg/t pellet of solid coating material. Some areas of the pellet surfaces were not covered. and blast furnace gas mixtures, indicating that the sticking index is probably independent of reduction time.
• The coatings of olivine and dolomite gave lower sticking values, compared to quartzite coating.
• Modification of the ISO 7992 reduction-under-load test was used to establish the influence of temperature on the sticking behaviour. The tendency of sticking was increased by increasing the test temperature, from 950 to 1 050°C. The largest increase was achieved for the uncoated and quartzite coated pellets.
Coated Blast Furnace Pellets in the Blast Furnace Process • Mass balances based on chemical analyses of the flue dust and raw materials showed that the coating materials were basically not blown out of the furnace with the flue dust, where less than 4 % of the coating materials were found.
• Analyses of the blast furnace sludge indicated that the coating materials did not end up in the sludge either, but stayed on the pellets inside the furnace.
• SEM investigations of probe samples taken from the lower part of the shaft verified that the coating stayed on the pellet surfaces also during and after reduction. • Three to five times lower contents of iron in the sludge confirmed the conclusion that the dust generation of the pellets was decreased when the coated pellets was used.
• The amounts of coke fines and slag formers were also lower in the flue dust, by 30 to 50 %, when using coated pellets. This was attributed to a combined effect of a lower gas velocity, due to lower top gas temperature, and to a better gas distribution with less channelling.
• Probe samples taken from the cohesive region of the furnace proved that sticking was significantly decreased for the coated pellets. The sticking decreased more for the olivine and dolomite coatings than for the quartzite. • The gas utilisation was better for the coated pellets, also with a lower standard deviation, indicating a smoother blast furnace operation and a potential of getting a lower fuel rate. • The variation in burden resistance to gas flow was lower, for the dolomite and quartzite coated pellets, indicating an improved slag formation in the cohesive zone, in combination with less sticking and gas channel formation.
